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ABSTRACT 
Al 7075-T6 samples have been surface treated by the phospheric acid anodize (PAA) and by the standard 
FPL etch for comparison. These samples were then deliberatel~ co~taminated, bonded.and given lap shear 
or wedge endurance tests to discover the effect of the contam1nat1on. The results 1ndicate that t~e PAA 
surface is very forgiving of certain types of contamination but not ~the~s. T~e FP~ etch ~urface.1~ sen-
sitive to even a monolayer of contamination. Our NDI surface contam1nat1on aucomat:c m~p~1ng fac1l1ty 
can detect contamination well below the level that significantly degrades the adhes1ve JOlnts. 
INTRODUCTION 
It has been established in a previous reportl 
that our surface tools, ellipsometry, surface 
potential difference (SPO), and water contact 
angle (8H2o) can be used to detect contamination on PAA surfaces. The ellipsometer was found to be 
especially useful because it could detect all 
forms of contamination, process errors and hand-
ling damage. An automatic computer operated map-
ping facility was used to demonstrate that contam-
ination can be located and a warning given if a 
panel was improper prior to adhesive layup. 
The purpose of the present research is to es-
tablish the levels of contamination that signifi-
cantly degrade adhesive joints between Al 7075-T6 
and FM 73 adhesive, and demonstrate our ability to 
detect and map contamination below these levels. 
Procedure 
Panels of Al 7075-T6 were anodized, contami-
nated to various levels in a controlled manner, 
then mapped for contamination. This panel was 
then bonded to an uncontaminated panel and cut up 
for lap shear or wedge tests. Correlations were 
then made between the contamination maps and the 
bond stren~th or crack growth, as a function of 
contaminat1on level. 
Comparison of PAA with FPL etch 
Figure l is a plot of water contact angle vs 
stearic acid contamination thickness on FPL etcned 
and PAA samples. A monolayer or so of stearic 
acid increases 9H20 to >1000 for the FPL 
etched samples. The contact angle on PAA surfaces 
increases, but not as rapidly as for the FPL 
etch. Figure 2 shows that low levels of stearic 
contamination on FPL etch samples decreases the 
lap shear bond strength drastically, whereas the 
PAA surface maintains high lap shear values {4600 
to 6500 psi) even up to 3000A contamination. 
Effect of Contamination Type 
Figures 3 and 4 are water contact angle and 
lap shear bond strength vs contamination thickness 
for lubricating oil and Si1icone grease on PAA 
surfaces. The PAA surface can accommodate much 
more oil than silicone grease for the same in~ 
crease in eH2o. Figure 4 indicates that a small 
amount (~200A) of oil or silicone grease actually 
increases the lap shear bond strength~ Beyond 
200A the laboratory oil has little effect on the 
2'75 
bond strength whereas the silicone grease 
drastically decreases the bond strength. 
Mechanisms 
Explanations for the behavior of the PAA and 
FPL surfaces toward contamination can be obtained 
from the models in Figs. 5 and 6. Figure 5 shows 
a schematic representation of the cross section of 
a FPL etched aluminum surface. This model was de-
rived from SEM, TEM and ellipsometric measure-
ments.2 The FPL etched surface is highly pit-
ted. The pits are of the order of lOt.~m across 
and have smaller pi.ts within. The smaller pits 
have still smaller pits of the order of 500-1000~ 
and -v400A deep. The oxide film is only -vl00-200A 
thick. Contamination films, a f~N monolayers 
thick, form a continuous weak boundary layer on 
the FPL etched surface and thus yields large water 
contact angles and weak adhesive joints. Figure 6 
represents the phosphoric acid anodized surface. 
The anodic film is 3000-5000~ and is made of a 
large density of individual columns of aluminum 
hydroxide with a large porous region between 
columns. Ellipsometry indicates the films are 
about 20% porous. Contaminants are absorbed into 
these pores and actually increase the shear 
strength by filling the voids. The adhesive also 
penetrates the pores and creates a strong mechan-
ical link to the substrate. · 
Experiments have shown that stearic acid and 
lubricating oil can dissolve into the FM 73 epoxy 
adhesive, so that large amounts of contamination 
can be accommodated without degrading the adhesive joint. On the other hand. silicone grease does 
not absorb into the FM 73 adhesive and therefore 
th1ck layers exceed the capacity of the anodic 
layer and strongly degrade the joint strength. 
These mechanisms are consistent with the water 
contact angle results and with the degradation of 
the tensile strength by cotton glove crushing dur-
ing handling. It is our hypothesis that the indi-
vidual hydroxide columns in the PAA anodic film 
are single crystals with large tensile strength 
perpendicular to the substrate, Cotton glove 
smudge crushes these crystals and destroys their 
tensile strength. This explains why the cotton 
glove smudge fails the wedge endurance tests (film 
under tension in humid atmosphere) but not the lap 
shear test. 
NDI Mapping · 
Figure 7 shows a computer contamination map 
of the ends of six Al 7075-16 PAA anodized samples 
after.controlled contamination with silicone 
grease. Sample 6 was not contaminated, the map is 
blank because the ellipsometer signal was sup-
pressed for this control sample. The density of 
dots on other samples is proportional to the devi-
ation of the ellipsometric signal outside the ac-
ceptance band of the control (No. 6). The contam-
ination increases from samples 1 to 5. The con-
trol sample had a lap shear strength of about 
5300 psi as indicated by the bar graph above the 
map. Samples 1 and 2 also had bond strengths 
equal to that of the control even though contami-
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nation wa~ detected. The bond strength of sam-
ples 3, 4 and 5 decreases as the contamination in-
creases. These results indicate that we have met 
our goal of detection of contaminaton below the 
level that causes bond degradation. 
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Fig. 6 Schematic representation of phosphoric 
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SAMPLE 
Computer contamination plot for 
silicone grease on phosphoric acid 
anodized Al 7075-T6. Bars indicate 
relative lap shear bond strengths. 
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